Background: International guidelines recommend that tocolytic therapy be restricted to a single 48-h application. However, multiple cycles of tocolytic therapy and maintenance therapy that exceeds 48 h appear to play a role in daily clinical practice. We aimed to evaluate current trends in clinical practice with respect to treatment with tocolytic agents and to identify differences between evidence-based recommendations and daily clinical practice in Austria. Methods: A prospective multicenter registry study was conducted from October 2013 through April 2015 in ten obstetrical departments in Austria. Women ≥18 years of age who received tocolytic therapy following a diagnosis of threatened preterm birth were included, and details were obtained regarding clinical characteristics, tocolytic therapy, and pregnancy outcome.
Introduction
Gestational age and birth weight are major contributors to neonatal morbidity and mortality [1, 2] . Preterm birth (PTB), which is defined as birth prior to 37 full weeks of gestation, represents one of the most significant challenges in modern obstetrics and perinatal medicine. In Europe, approximately 7% of all pregnancies end in PTB, and several studies revealed an increase in the prevalence of PTB over the past 20 years [3, 4] . Moreover, PTB-associated neonatal and long-term morbidity are associated with significant socioeconomic costs [5] .
Although the precise mechanisms underlying PTB are not fully understood, preterm labor (PTL) is considered the common final step in a variety of pathophysiological processes with multifactorial causes, which are often difficult to treat individually [6] [7] [8] ; additionally, PTL is often difficult to predict and identify [6, 8] . Therefore, the use of tocolytic therapy to prevent PTL is an attractive option in efforts aiming to prevent PTB. However, the efficacy of tocolysis in terms of reducing infant morbidity or mortality, as well as long-term outcome, is still a matter of debate. Although tocolytic agents have been shown to slightly prolong pregnancy in the setting of PTL, evidence regarding a general improvement in neonatal outcome is currently lacking [5, 9, 10] ; indeed, a positive effect of tocolysis on neonatal outcome is evident only when PTB is delayed long enough to allow the use of antenatal corticosteroids for promoting fetal lung maturation [11] .
Since maintenance therapy with tocolytic drugs has not been shown to effectively prevent PTB or improve neonatal outcome, its use is not recommended [5, 12, 13] . Therefore, both national and international guidelines recommend limiting tocolytic therapy to a single treatment cycle that does not exceed 48 h [5, [14] [15] [16] [17] [18] .
Despite these recommendations, and in contrast with these guidelines, multiple cycles of tocolytic therapy and maintenance therapy that exceeds 48 h appear to be relatively common in daily clinical practice [19] . This notion is supported by personal communications with clinicians and scientists in German-speaking countries.
The purpose of this study was to i) examine the current state of clinical practice in Austria with respect to the use of tocolytic therapy, and ii) evaluate the differences between evidence-based recommendations and daily clinical practice.
Materials and methods
Pregnant women who were admitted to one of ten participating hospitals in Austria from October 2013 through April 2015 with a diagnosis of threatened PTB were invited to participate in the prospective multicenter registry study FRÜSGO. The FRÜSGO study was designed to survey/observe the practice of applying tocolytic agents for managing PTB in Austria and was developed and supervised by the Fetomaternal Research Group, which is affiliated with the Austrian Society of Obstetrics and Gynecology. During initiation of the FRÜSGO study, tocolytic doses were reported to be identical and administration procedures very similar by all participating study sites.
Participation in the study had no effect on local standards, definitions, or guidelines, nor did it affect either the indication for tocolysis or the type or duration of tocolytic therapy. In our study, we enrolled women ≥18 years of age who received tocolytic therapy for the first time in the current pregnancy. Ten centers participated in the study; five perinatal referral centers; two centers who averaged more than 1000 deliveries per year, and three centers who averaged fewer than 1000 deliveries per year. All patients provided written informed consent prior to participation. Upon enrollment, each patient's epidemiological data and clinical characteristics were obtained. For each tocolysis cycle, we documented the diagnosis, physical examination results, the indication for tocolytic therapy, the type and duration of tocolytic therapy, and whether antenatal corticosteroids were administered concurrently. During and after each tocolysis cycle any adverse effect was noted by the nursing staff. Additionally, patients were asked to report any subjective adverse effects that occurred. Subsequently, parturition details and neonatal outcome were obtained. Medical data were documented in the form of an electronic case report using an online database available at www.scicomed.net. Out of a total of 340 women who were included to the present study, 31 (9%) women had to be excluded from analysis due to insufficient data quality regarding type and duration of tocolysis.
A single cycle of tocolysis therapy was defined as the time between the beginning and end of a treatment round with a tocolytic drug. A 48-h tocolysis cycle was defined as a cycle that lasted 46-50 h; a cycle that lasted longer was defined as maintenance tocolysis. If a patient who had completed at least one prior cycle of tocolysis subsequently received any further tocolytic therapy (e.g., readmission to the hospital due to PTL), this was defined as repeat tocolysis.
To identify differences between evidence-based recommendations and clinical practice, we compared women who received tocolytic therapy as recommended by the guidelines with women who received tocolytic therapy in conflict with these recommendations. The use of tocolytic therapy in a patient was considered evidence-based (EVB group) if a single tocolytic cycle was administrated after 23 + 0 weeks of gestation using a single tocolytic agent. Any repetition or other form of tocolytic therapy was considered to be non-evidence-based (the non-EVB group). For comparisons between the EVB and non-EVB group, we excluded all women who received a cycle of tocolytic therapy that was shorter than 48 h as a result of preterm birth.
The statistical software package R (version 3.4.0) was used for data analyses. For descriptive statistics, linear variables are reported as the mean ± the standard deviation, ordinal variables are reported as the median and the interquartile range (IQR), and categorical variables are reported as the absolute or relative frequency. Patient characteristics were compared between groups using Wilcoxon rank sum test (for ranked variables) or Pearson's Chi-squared test with Yates' continuity correction (for nominal variables). All analyses were two-sided. Because we tested the EVB group against three different groups, we chose to employ Bonferroni correction. A p-value of at most 0.05/3~0.0166 was considered statistically significant.
Results

Patient characteristics and tocolysis regimens
A total of 309 women were included in our analysis; the patient characteristics are summarized in Table 1. Among these 309 women, a total of 509 tocolysis cycles were administrated; with a median (IQR) of 2 (2-5) cycles. The observed clinical findings and indications for each respective tocolysis cycle are summarized in Table 2 . A total of 180 women (58.3%) received a single treatment cycle and 129 women (41.7%) received multiple treatment cycles. Among the 180 women who received only one cycle, 18 (10%) delivered within 48 h, 96 (53.3%) received a 48-h treatment cycle, and the remaining 66 (36.7%) received maintenance therapy. Among the 129 women who received multiple treatment cycles, 82, 30, 12, 3, and 2 patients received two, three, four, five, or six cycles, respectively.
The median duration of the tocolysis cycles was 2 (2-5) days. Although more than three-quarters of the tocolysis cycles (N = 239, 77.3%) had a length of 48 h, we observed wide heterogeneity with respect to the duration of maintenance tocolysis regimens (Fig. 1) . The maximum length of tocolytic treatment among our patients was 48 days.
The number of tocolysis cycles is plotted against gestational age (GA) in Fig. 2 . The median GA at the beginning of tocolysis was 28 (25-31) weeks. In 4.5% of all cases (23 cycles), tocolysis was initiated prior to 23 + 0 weeks of gestation (i.e., the gestational threshold for neonatal viability).
The most commonly used tocolytic agent was the oxytocin receptor antagonist atosiban (N = 439 treatment cycles, 86.2%), followed by the beta-agonist hexoprenaline (N = 43, 8.5%), and the calcium channel blocker nifedipine (N = 2, 0.4%). In 25 treatment cycles (4.9%), the tocolytic agent was switched during the cycle, or a combination of both hexoprenaline and atosiban was administered simultaneously.
In total, four adverse effects in response to tocolytic therapy were documented. Specifically, flush-like symptoms and hypotension with vertigo were each reported once, and headache was reported twice; in all four cases, patients were receiving atosiban. 
Clinical findings and indications for tocolysis
The documented clinical findings for tocolysis, as well as the indications, are summarized in Table 2 . The most common clinical finding was preterm labor (PTL, 55% of cycles), followed by isolated cervical insufficiency (28.7% of cycles). Administration of antenatal corticosteroids was the reported indication for the first cycle of tocolytic therapy in 75.7% of patients. In cases of repeat treatment cycles, the most common indication for tocolysis was prolongation of pregnancy (see Table 2 ).
Group comparisons
Next, we compared the EVB group with the non-EVB group. Women who delivered within 48 h after beginning of tocolytic treatment (n = 18) were excluded from this analysis. Among the 96 patients who received a single 48-h cycle, one received simultaneous double tocolysis, and two patients received tocolytic treatment before 23 + 0 weeks of gestation. These women (n = 3) were included to the non-EVB group in addition to women who received multiple treatment cycles (n = 129) and women who received one cycle the lasted > 48 h (n = 66). A total of 93 women received a single tocolysis cycle as recommended and were included in the EVB group; 79 of these 93 patients (84.9, 25.6% of total sample size) received antenatal corticosteroids, 14 (15.1%) did not receive antenatal steroids. Table 1 summarizes the differences between the EVB group and the non-EVB group. We found no significant differences between groups with respect to general clinical characteristics. However, patients in the non-EVB group received their first tocolytic treatment at a significantly earlier gestational age compared to patients in the EVB group (median of 27 (24-30) weeks vs. 30 (27-32) weeks, respectively; p < 0.001). With respect to neonatal outcomes, we found that women in the non-EVB group delivered babies (i) at earlier GA (ii) with lower weight, who (iii) had to be transferred to a neonatal intensive care unit more often when compared to women in the EVB group (all p < 0.001). Subgroup characteristics of the women who received multiple treatment cycles (repetitive group), and the women who received one cycle of tocolysis the lasted > 48 h (maintenance group) are provided in Additional file 1: Table S1 .
Discussion
The Austrian guidelines for managing preterm labor call for tocolytic treatment for the short-term prolongation of pregnancy (up to 48 h) in order to administer a single course of antenatal corticosteroids. Consistent with leading international guidelines, both maintenance therapy and repeat tocolytic therapy are not recommended [17] . Here, we evaluated the current clinical practice of tocolytic treatment in Austria. Our analysis revealed that the majority of participating women received tocolytic therapy in a regimen that is in clear contrast with the recommendations. Both maintenance therapy and repeat tocolytic therapy were common in our study. Strikingly, only one quarter of the patients received a single 48-h tocolysis cycle in which they received antenatal corticosteroids for fetal lung maturation in accordance with the recommended treatment; Even in the EVB group 15.1% of women did not receive antenatal steroids, representing another area for improvement. Although we found no significant differences between the EVB and non-EVB group with respect to general clinical characteristics, the women in the non-EVB group received their initial tocolytic treatment at an earlier gestational age than the women in the EVB group (median 27 vs. 30 weeks, respectively).
It is important to note that our study was not designed to determine whether repeat cycles and/or maintenance tocolytic treatment can improve neonatal outcome. Moreover, this study had a number of limitations that warrant discussion. First, the relatively wide use of atosiban among our patients might not reflect international usage, as atosiban is not well established in other countries. However, unlike other tocolytic agents (e.g., nifedipine), atosiban is licensed for use in the European Union for treating patients who are at risk for preterm birth, which may explain the wide use of atosiban in our population. Second, the relatively limited sample size precluded statistical analyses based on the type or size of the participating centers. However, it should be noted that FRÜSGO was designed to evaluate patterns in clinical practice regarding tocolytic treatment without evaluating or comparing the management of individual institutions or clinicians.
A strength of our study was its prospective design, which resulted in a well-characterized sample that likely represents current clinical practice in Austria. This design enabled us to identify a clear gap between evidence-based recommendations and clinical practice with respect to tocolytic treatment.
Published reports suggest that prolonging pregnancy with repeat tocolytic cycles or maintenance tocolytic therapy is ineffective and does not improve neonatal outcome [5] . In addition, current literature does not support the notion that tocolytic treatment generally has any direct benefit with respect to neonatal outcome. Thus, the decision to use repeat cycles and/or maintenance treatment with tocolytic agents is not based on evidence-based clinical benefits, but rather driven by local customs and individual experience (i.e., the clinician's "gut feeling"). Additionally, a clinician's decision to maintain tocolysis or repeatedly administer tocolytic agents may be affected by the patient's own fear of ending treatment, which may cause the patient to pressure the clinician to maintain and/or repeat tocolytic therapy. This is in line with publications proposing an increasing awareness of the need to tailor clinical management to specific patient needs and placing the patient into the role of a shared decision maker with their healthcare professionals [20] . Moreover, many clinicians apparently consider tocolytic treatment as a low risk intervention; a notion that is supported by a survey among clinicians in the United States [19] . It revealed that many clinicians believe that tocolysis has other benefits in addition to facilitating the use of antenatal corticosteroids and that they would be open to continuing tocolytic treatment if requested by the patient [19] . In the current study this effect may be intensified given that atosiban is the first tocolytic of choice in Austria and promises a favorable risk/benefit profile due to a low incidence of side effects reported in literature; In this respect, it is worth noting that the incidence of side effects was low in our study (only 1.2% of cases), and no severe maternal or fetal adverse events were documented, which is consistent with previous studies [21] .
Many of the studies on which current recommendations are based were conducted decades ago, had limited sample sizes and may therefore be outdated [22] . For example, in our patient population the median gestational age at the start of tocolysis was 28 weeks; in contrast, the most recent meta-analyses reviewing the use of betamimetics to inhibit PTL reported that the gestational age was usually ≥32 weeks [23] . The most recent Cochrane review on oxytocin receptor antagonists for inhibiting preterm labour included only 44 women receiving atosiban in due to PTB before 28 weeks´of gestation [10] . With continuous improvements in neonatal care, which has increased the survival rate of even extremely preterm infants, clinicians nowadays more commonly face clinical situations of PTL at earlier gestational age. Therefore, the question has to be raised, whether the perinatal challenges that clinicians face in daily practice are adequately covered by current practice guidelines.
This notion is supported by our findings that women in the non-EVB group received their first tocolytic treatment at earlier gestational age than the EVB group, and that cervical length decreased with each successive cycle of tocolysis. In addition we found that women in the non-EVB group gave birth at earlier gestational age than women in the EVB group. Taken together, these findings suggest that the women in the non-EVB group presented with a higher-risk clinical condition, and given the severity of their patients' symptoms, that clinicians may be more open to treating their patients with repetitive tocolytic treatment or maintenance therapy, particularly given the favorable risk profile associated with atosiban.
Although one can hypothesize that the non-evidence based trends described above are likely present in numerous other institutions throughout the industrialized world, it is important to note once again, that the findings of our study were derived from data collected in one single country. Therefore we recommend validating the findings of our study in larger, international investigations. Confirmation of a widespread need to improve clinical practice regarding tocolytic therapy could drive a push for further effectiveness and safety studies and ultimately to update guidelines to inform evidence-based obstetric practice.
Conclusion
The use of tocolytic agents with the intention to prolong pregnancy has become deeply ingrained in obstetric practice. Here, we report a clear disparity between evidence-based recommendations and daily practice with respect to tocolysis. We believe that the general practice of prescribing tocolytic therapy must be revisited. Furthermore, our findings highlight the need for contemporary studies designed to investigate the use and potential harm of performing maintenance and/or repetitive tocolysis treatment.
Additional file
Additional file 1: Table S1 . Characteristics of the patients who received repeat tocolysis, and the patients who received maintenance therapy. Notes: Categorical data are presented as the frequency and percentage (rounded). Continuous variables are expressed as the mean ± SD, ordinal variables as the median (IQR). Women who delivered within 48 h after beginning of tocolytic treatment (n = 18) were excluded from EVB vs nonEVB analysis. BMI, body mass index; PTB, preterm birth; ART, assisted reproductive technology; GA, gestational age; TL, treatment with tocolytics; UAPH, PH value of the umbilical artery; NICU, neonatal intensive care unit; EVB, evidence based; non EVB, not evidence basedas defined above. 
